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ABSTRACT 

This report provides ichthyoplankton and associated station 
and tow data from California Cooperative Oceanic Fisheries 
Investigations (CalCOFI) cruises conducted off California and 
Baja California in 1967. It is the seventeenth report in a 
series that presents these data for all biological-oceanographic 
CalCOFI surveys from 1951 to the present. A total of 258 
stations was occupied during 2 cruises over a survey area which 
extended from Pt. Conception, California to Cape San Juanico, 
Mexico and seaward to several hundred miles. The data are listed 
in a series of 5 tables: the background, methodology, and 
information necessary for interpretation and quantitative 
analysis of the data are presented in an accompanying text. All 
pertinent station and tow data, including volumes of water 
strained and standard haul factors, are listed in the first 
table. Another key table lists, by station and month, 
standardized counts of each of the 123 larval fish categories 
identified from survey samples. This and previous and subsequent 
reports make the CalCOFI ichthyoplankton and station data 
available to all investigators and serve as guides to the newly 
developed computer data base. 

INTRODUCTION 

This report, the seventeenth of a series, provides 
ichthyoplankton and associated station and tow data from 
California Cooperative Oceanic Fisheries Investigations (CalCOFI) 
joint biological-oceanographic survey cruises conducted in 1967. 
This program was initiated in 1949, under the sponsorship of the 
Marine Research Committee of the State of California, to study 
the population fluctuations of the Pacific sardine (Sardinops 
s a g a x )  and the environmental factors that may play a role in such 
fluctuations. CalCOFI, known as the California Cooperative 
Sardine Research Program from 1949 to 1953, was made up of 
representatives of the South Pacific Fisheries Investigations 
(SPFI) of the U.S. Fish and Wildlife Service [now the La Jolla 
Laboratory, National Marine Fisheries Service (NMFS)], the 
Scripps Institution of Oceanography (SIO), the California 
Department of Fish and Game (CDFG), the California Academy of 
Sciences (CAS) and the Hopkins Marine Station of Stanford 
University. The first three of these agencies supplied ships and 
personnel to conduct the sea surveys. NMFS processed the 
plankton samples and analyzed the ichthyoplankton from them. SI0 
processed and analyzed the hydrographic samples and measurements 
and also analyzed invertebrate groups from the plankton samples. 

The boundaries, station placement, and sampling frequency 
for the CalCOFI survey area were based on the results of joint 
biological and oceanographic cruises conducted by NMFS and SI0  
during 1939-41. Those cruises were designed to collect sardine 
eggs and larvae and associated hydrographic data over the entire 
areal and seasonal spawning range of the species. On these 
survey cruises, plankton tows were made to 70 m, a depth which 
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encompassed the vertical distribution of sardine eggs and larvae. 
Wide-ranging joint biological and oceanogrcphic survey cruises 
were resumed in 1949 with sardine as the focus; however, an 
increasing interest in other biological components resulted in 
the deepening of standard tows to 140 m in 1951. This marked the 
beginning of truly quantitative ichthyoplankton sampling on 
CalCQFI surveys. 

Data resulting from CalCQFI surveys in 1967 have been 
published in a number of forms. Hydrographic data (Univ. of 
Calif., SIQ, 1969) were presented in a standard format. 
Distributional maps of larvae of two taxa taken on CalCOFI 
surveys during 1967 are presented in the CalCOFI Atlas series: 
rockfish ( S e b a s t e s  spp.), Ahlstrom et al., 1978; northern anchovy 
(Enqrau l i s  mordax )  , Hewitt, 1980. 

A computer data base for eggs and larvae of sardine and 
anchovy, for larvae of hake (Mer lucc ius  p r o d u c t u s )  , jack mackerel 
(Trachurus  symmetr icus)  and Pacific mackerel (Scomber j a p o n i c u s )  , 
and for eggs of Pacific saury (Go lo lab i s  s a i r a )  was established 
in 1969. The development of a data base for other fish larvae is 
a complex undertaking because competency of identification has 
evolved steadily over the past 38 years. We began the task of 
producing a CalCOFI ichthyoplankton data base and associated data 
report series in 1983. All available original records for 1967 
were subjected to an extensive verification and editing process 
to produce this report. This and previous (Ambrose et al., 
1987a,b,c; 1988; Sandknop et al., 1987a,b; 1988a,b; Stevens et 
al., 1987a,b,c; 1988; Sumida et al., 1987a,b; 1988a,b) and 
subsequent reports make the CalCQFI ichthyoplankton and station 
data available to all investigators and serve as guides to the 
computer data base. The data base will be modified when 
additional errors are discovered and when composite taxa from the 
earlier years are reidentified. These reports are the 
fundamental reference documents against which subsequent changes 
in the data base can be compared. 

SAMPLING AREA AND PATTERN 

In 1967, CalCQFI survey cruises were conducted only in June- 
July (Cruise 6706) and December (Cruise 6712). Cruise 6706 is 
designated as 6707 in the hydrographic data reports (Univ. of 
Calif., SIO, 1969). A total of 258 stations included in this 
data base was occupied on these 2 cruises (170 stations on 6706 
and 88 stations on 6712). Coverage of the survey station pattern 
varied between cruises and the entire survey area was not covered 
on any single cruise (Figures 1-3, Table 1). The area off 
northern California (lines 40-57) and central California (lines 
68-77) was not covered. The area between Pt. Conception, 
California and Pt. Abreojos, Baja California (lines 80-130) was 
surveyed in June-July on Cruise 6706. The area from Cape San 
Quintin to Pt. San Juanico, Baja California (lines 107-137) was 
surveyed in December on Cruise 6712. Coverage extended seaward 
to station 140 (approximately 450 miles offshore) on lines 90 and 
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93 (Cri ise 6706) but typically did-not extend beyond stat -on 8 0  
(approximately 200 miles offshore) I. Several inshore stations 
were occupied during Cruises 6706 and 6712 which were not covered 
on early CalCOFI surveys. These stations were included in the 
data base (Table 1) but omitted from the station plots (Figures 2 
and 3) . 

Two SI0 vessels were employed on these cruises: the Ellen 
B .  Scr ipps  (Cruise 6706) and the Horizon (Cruise 6712) (Univ. of 
Calif., SIO, 1969). 

SAMPLING GEAR AND MIETHODS 

The standard CalCOFI net sed from 1949 to 1969 had a 1-m 
diameter mouth opening (0.785 my area) and an overall length of 
about 5 m. The net was constructed of 3Oxxx gauze, a heavy duty 
grade of silk bolting cloth, with a mesh size of 0.55 mm after 
shrinkage. The last 40 cm of the cone and the cod end were 
constructed of 56xxx grit gauze which had a mesh size of 0.25 mm 
after shrinkage. The net ring was fastened to a short 3-lead 
bridle connected to several meters of line which attached to the 
towing cable by a clamp. A current meter was suspended in the 
center of the net mouth to measure volume of water filtered (see 
Kramer et al., 1972, for further details). 

The standard tow from 1951 through 1968 was an oblique haul 
to 140 m depth (to 15 m of the bottom in shallow areas) designed 
to filter a constant amount of water per depth interval (ca. 
3m3/m of depth) over the vertical range of most ichthyoplankters. 
Hauls were made at a ship speed of 1.5-2.0 knots and initiated by 
clamping the net line to the towing cable with the 45 kg terminal 
weight about 10-15 m below the surface. The net was lowered to 
140 m depth by paying out 200 m of wire over a 4 minute period 
(35 m of depth/min.). After fishing at depth for 30 seconds, the 
net was retrieved at 20  m/rnin. (14 m depth/rnin.). The angle of 
stray of the towing cable was recorded every 30 seconds and 
maintained at 45O (+3O) by adjusting the ship speed and course. 
After reaching the surface, the net was washed down and the 

'CalCOFI lines (Figure 4) are arranged perpendicular to the 
coastline and extend from the Canadian border (line 10) to below 
Cape San Lucas, Baja California (line 157). Stations were 
established on the basis of a perpendicular to line 80 (off Pt. 
Conception) at a point designated as station 60. Stations were 
plotted seaward and shoreward from station 60 on each line. 
Cardinal CalCOFI lines (those ending in r r O 1 r )  are 120 miles apart 
end usually bracket two ordinal lines (ending in r13rr or 1r7f*), so 
that lines are 40 miles apart over most of the pattern. Cardinal 
stations are 40 miles apart and typically these are separated by 
a station number ending in r851r so that stations are 20 miles 
apart out to station 90 on most lines. Stations are placed at 
closer intervals near the coast and islands to accommodate these 
features (see Krarner et al., 1972 for further details). 



samples preserved in 5% formalin buffered with sodium borate. 
Flowmeter readings were made at the bzginning and end of each 
tow. Detailed descriptions of gear and methods are given by 
Ahlstrom (1953), Kramer et al. (1972), and Smith and Richardson 
(1977) . 

LABORATORY PROCEDURES 

Laboratory processing began with the determination of a 
displacement volume for each sample {methods described in Staff, 
SPFI, 1953 and Kramer et al., 1972). Sorting involved the 
removal of ichthyoplankton from the sample and identification and 
separation of: eggs and larvae of Pacific sardine and northern 
anchovy; larvae of Pacific hake; and eggs of Pacific saury. 
Usually, each sample was sorted.completely; however, one sample 
(Cruise 6706, 97.30) was fractioned into aliquots using a Folsom 
plankton splitter (McEwen et al., 1954) prior to sorting. 

A "standard haul factor" (SHF) was calculated for each tow 
to make them comparable and allow estimations of areal abundance. 
This factor ad usts the number of eggs or larvae in a haul to the 
number in 10 m' of water strained per meter of depth fished. If 

2 the vertical distribution of the species has been encompassed 
then the adjusted value is equivalent to the number under 10 m 
of sea surface. The SHF is calculated for each haul by the 
formula : 

SHF = 

where D = 

v =  

v =  

where R = 

a =  

P =  

Tow depth, volume of 
listed in Table 1 

10 D 
v 

depth of haul = cosine of the average angle 
of stray of the towing cable multiplied by 
cable length (m) 

total volume of water (m3) strained 
during the haul 

R * a . p  

total number of revolutions of the current 
meter during the haul 

area {mL) of the mouth of the net 

length of column of water (m) needed to 
produce one revolution of the current 
meter. 

water strained, and standard haul factor are 
f o r  each tow taken during 1967. Detailed 

descriptions of factors involved in calculating these values are 
presented in Ahlstrom (1948), Kramer et al. (1972), and Smith and 
Richardson (1977). 
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IDENTIFICATION 

Identification of ichthyoplankton species beyond those 
separated during the sorting process was carried out by a 
separate group of specialists. Ontogenetic stages of fishes are 
inherently difficult to identify and this is further complicated 
by the large number and diversity of species which contribute to 
the ichthyoplankton of the California Current region. Most 
identifications were accomplished by establishing ontogenetic 
series on the basis of morphology, meristics, and pigmentation 
and then identifying these series by relating them to known 
metamorphic, juvenile, or adult stages with overlapping features 
(Powles and Markle, 1984). A total of 121 taxa was identified 
for 1 9 6 7 ,  with 7 0  taken to species, 2 6  to genus, 2 0  to family, 
and 5 to order or suborder. Beginning in 1961, larvae in the 
families Paralepididae and Labridae were identified to genus or 
species. 

The task of producing a reliable and equitable 
ichthyoplankton data base required extensive procedures to 
verify, correct, and edit the original identifications. The 
primary data source was the original identification sheets (see 
Kramer et al., 1972,  for examples); however, a critical resource 
used in all phases of this process was the CalCOFI 
ichthyoplankton collection in which the samples are archived. 
Throughout the course of CalCOFI ichthyoplankton studies, samples 
have been identified to the lowest taxon possible. In reviewing 
these identifications for the data base, our approach has been 
conservative and we have preserved those identifications and 
counts which we could confirm, while correcting as many of the 
errors as possible. After computer entry of coded data, 
taxonomic errors and inconsistencies in the data base were 
corrected and the most obvious identification errors were 
corrected. Our current knowledge of ichthyoplankton techniques 
coupled with a precise understanding of the development of 
identification competency in the program over the years allowed 
us to critically judge the historical records. Identifications 
were changed to different taxa, lumped to a higher taxonomic 
category, or given a more precise taxonomic name. In some cases, 
identifications of a taxon were inconsistent among cruises in a 
year. These records were made equitable by lumping to the higher 
taxonomic category to avoid biases that could result in 
quantitative misinterpretations. 

Next, statistical, seasonal, and geographic outliers were 
identified, employing a series of graphic summaries and listings. 
Examination of geographic outliers proved to be especially 
effective because of our accumulated knowiedge of species 
distributions. In the course of examining samples for these 
outliers, other identification errors were discovered and 
eventually all taxa were scrutinized to some extent. Lastly, 
certain taxa were reexamined in all samples for the entire 
CalCOFI time series. These taxa were selected because of their 
commercial, ecological, phylogenetic, or zoogeographic importance 
or because taxonomic confusion was at the ordinal level. The 
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following is a list of the taxa for 1967 which received special 
attention, with explanations and cav2ats intended to aid in 
quantitative interpretations: 

Anguilliformes - tentative and sporadic identifications to family 

Sardinops  sagax  - all specimens south of line 120 checked for 

or lower taxon lumped to order. 

misidentification of Opisthonema spp. 

E n g r a u l i s  mordax - some nearshore samples of small E .  mordax may 
contain other anchovy genera which could not be 
differentiated. 

Nansenia spp. - all specimens checked and identified as N. 
candida or N. c r a s s a ;  all specimens of these species near 
their range boundaries checked. 

Bathy laqus  spp. - includes small and/or disintegrated specimens 

Stomiiformes - all specimens checked and identified to genus 
of BathyJagus or Leurogl o s s u s  st i lbi  u s .  

or species; residuals are small, poorly preserved or 
unavailable specimens. 

V i n c i g u e r r i a  1 u c e t i a  - specimens taken seaward of station 100 
checked for misidentification of V. power iae;  some V .  
poweriae may remain in these samples because small larve 
of the two species could not be differentiated; sporadic 
identification of V .  poweriae began in 1961. 

hatchetfishes to genus were lumped to family. 
Sternoptychidae - tentative and sporadic identifications of 

Bathoph i lus  spp. - all specimens checked. 
Tactostoma macropus - all specimens checked. 
Paralepididae - all specimens examined and identified to species. 
Scopelarchidae - tentative and sporadic identifications to genus 

lumped to family. 

Lampanyctus spp. - tentative and sporadic identifications to 
species lumped to genus. 

Lampanyctus r e g a l i s  - underrepresented because of inability to 
differentiate small larvae (<5  mm) from those of other 
species of the genus; counts may include other species of 
the genus because of difficulty in identifying larvae of 
this large and complex genus. 

Lampanyctus ritteri - comment for L. r e g a l i s  applies to this 
species. 
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, S tenobrach ius  1 eucopsarus - all specimens taken seaward of 
station 100 checked. 

T r i p h o t u r u s  mexicanus - specimens taken seaward of station 100 
checked for misidentification of T .  n i g r e s c e n s .  

D iogen ich thys  a t l a n t i c u s  - all specimens at margins of range 
checked. 

Diogenichthys  l a t e r n a t u s  - all specimens at margins of range 
checked. 

Elec t rona  rissoi - recognition of this species was inconsistent 
and others may be included in Protomyctophum crockeri or 
Myctophidae. 

Hygophum spp. - all specimens reidentified to species. 
Hygophum atra tum - all specimens checked. 
Hygophum r e i n h a r d t i i  - all specimens checked. 

P h y s i  cu l  u s  spp. - specimen examined. 
Ophidiiformes - this category did not exist originally and 

ophidiiform larvae were included in Brosmophycis marginata I 
W t o p h i d i  um" , "Zoarcidae" I and lVblennytf; identifications of 
B. marginata proved to be mostly correct and ftZoarcidaetl to 
be a yet unidentified ophidiiform species; all f fOtophidiumrr 
and ffblenny" were reexamined and the former included C h i 1  a r a  
t a y l o r i  and other ophidiiform taxa (moved to order); 
vtblennylt contained C. t a y l o r i ,  and other ophidiiform taxa in 
addition to true blennioids. 

Atherinidae - tentative and sporadic identifications to genus 
were lumped to family. 

Trachipteridae - tentative and sporadic identifications to genus 
were lumped to family. 

Melamphaes spp. - all identifications ascribed to Melamphaidae 
were reexamined and assigned to genus (Melamphaes, 
P o r o m i t r a )  or species (Scopelogadus b i s p i n o s u s )  ; larvae 
originally identified as Melamphaes spp. were not reexamined 
and this category may contain other melamphaid genera. 

identifications to species were lumped to family. 
Cottidae - all specimens checked; tentative and sporadic 

Z a n i o l e p i s  spp. - all specimens checked. 
Sebastes spp. - category may contain other scorpaenid genera, 

particularly in samples south of line 120. 



nioidei - this is the residual of the completely reexamined 
1”blenny8P category, which also contained various misidenti- 
fied ophidiiforms, and is now restricte to members of north- 
ern stichaeioid families and true blennioids (other than 
Hypsoblennius  spp.) in the southern part of the pattern. 

ridae - all specimens originally identified to family were 
reexamined and assigned to genus (Halichoeres spp.) or 
species (Oxy leb ius  c a l i f o r n i c a ,  Semicossyphus p u l c h e r )  : 
residuals are small, poorly preserved or unavailable 
specimens. 

Mugil. spp. - specimen checked. 
ogonidae - all specimens checked and identified as Howella 

b rod ie i ;  in this report we list H. brodiei  in Apogonidae for 
convenience, recognizing that its systematic affinities are 
not resolved. 

Carangidae - all specimens checked; tentative and sporadic 
identifications to genus or species (except Trachurus 
symnetri c u s  and Seri 01 a 1 a l  a n d i  ) were lumped to family . 

Ser io la  l a l a n d i  - all specimens checked. 
Gerreidae - tentative and sporadic identifications to genus were 

lumped to family. 

G i r e l l a  n i g r i e a n s  - all specimens checked. 
Medi a l  una ca l  i f orni ensi s - all specimens checked. 
C a u l o l a t i J u s  p r i n c e p s  - all specimens checked. 

Sciaenidae - tentative and sporadic identifications to genus 
lumped to family. 

Scombridae - all larvae originally identified to this family or 
constituent taxa (except Scomber j a p o n i c u s )  were reexamined 
and reassigned; residual are small, poorly preserved or 
unavailable specimens. 

Trichiuridae - tentative and sporadic identifications to genus 
lumped to family. 

Pleuronectiformes - all available specimens of this category 
(originally called “flatfish”) were examined and reidenti- 
fied; residual is a small, poorly preserved specimen. 

Bothidae - all specimens examined and reassigned; most were 
assigned to various paralichthyid genera. 

C i t h a r i c h t h y s  spp. - all larvae identified to species were lumped 
to genus except C. s t igmaeus ;  category includes larvae of 
E t r Q p U S  Spp. 
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C i t h a r i c h t h y s  s t igmaeus  - includes larvae larger than c I .  4.5 mm; 

P a r a l i c h t h y s  spp. - all specimens of this genus were examined and 
smaller larvae are in Citharichthys spp. 

most were assigned to P. californicus or X y s t r e u r y s  
1 i 01 epi  s . 

* P  

X y s t r e u r y s  l i o l e p i s  - originally misidentified as P a r a l i c h t h y s  
c a l i f o r n i c u s ;  all specimens reidentified. 

L e p i d o p s e t t a  b i l i n e a t a  - all specimens examined; originally 
identified as Psettichthys m e l a n o s t i c t u s .  

Microstomus p a c i f i c u s  - all specimens examined. 
P l e u r o n i c h t h y s  spp. - all larvae of this genus and constituent 

species were examined and assigned to species; residuals are 
small, poorly preserved or unavailable specimens. 

COMPUTER ENTRY AND EDITING 

Each taxon on the original identification sheets was given a 
3-digit code based on the list of codes in Haight et al. (1979). 
Taxon codes and counts from these sheets were keypunched by 
cruise and station, along with pertinent station and tow data and 
entered into the VAX 11/780 computer at the University of 
California, San Diego, Computing Center. After entries were 
completed for an entire year, print-out listings of taxa and 
counts on each station were compared with the original data 
sheets to eliminate keypunch errors. Next, data in the file were 
cross-checked with data on an existing file which contained: 
station and tow data; numbers of eggs of sardine, anchovy, and 
saury; numbers of larvae of sardine, anchovy, hake, jack 
mackerel, and Pacific mackerel; total number of fish eggs; and 
total number of fish larvae. 

Discrepancies in ichthyoplankton data in these two files 
were corrected by inspecting original records from the sorting 
laboratory, the original ichthyoplankton identification sheets, 
and the samples themselves. Station and tow data discrepancies 
between the two files were corrected by reviewing ships' logs and 
deck tow sheets, original records from the sorting laboratory, 
cruise announcements, publications, header information on the 
ichthyoplankton identification sheets, and station plots 
generated for each cruise. Eventually all station and tow data 
were checked by comparing these sources. 

The corrected ichthyoplankton data base was then examined 
statistically and outliers were found and checked as above. 
Distributional plots were then prepared for each taxon and these 
were checked by reviewing the data sources mentioned above and by 
examining archived specimens. A listing of each taxon by station 
(Table 4) was produced, which became the primary document for 
subsequent checks. Misidentifications found in geographic outlier 



checks and other misidentifications and data problems discovered 
in the course of examining archived samples resulted in several 
iterations of Table 4. Finally, totals in Table 4 were checked 
against annual summaries of incidence and abundance (Tables 2 and 
3). Ecological analyses of the data were conducted concurrently 
with editing procedures and provided cross-checks that allowed 
correction of errors. 

SPECIES SUMMARY 

Larvae of northern anchovy (Engrau l i s  mordax) represented 
41% of all fish larvae taken on CalCOFI cruises during 1967 and 
numbered over three times as many as the sanddab category 
C i t h a r i c h t h y s  spp., the next most abundant taxa with 12% of the 
total larvae (Table 2, 3). Northern anchovy also ranked first in 
incidence ; C i  t h a r i  chthys spp . ranked 5th. The next most abundant 
species was the gonostomatid V i n c i g u e r r i a  1 u c e t i a  also with 12% 
of total larvae; it ranked 3rd in occurrence. The myctophid 
T r i p h o t u r u s  mexicanus ranked 4th in abundance (8%) and 2nd in 
incidence. A deepsea smelt, Bathy lagus  wesethi I ranked 5th in 
abundance and 6th in incidence. Larvae of Pacific sardine 
(Sardinops  sagax )  and the myctophid Diogenichthys l a t e r n a t u s  
ranked 6th and 7th in abundance respectively; however, in 
incidence these species ranked only 26th and 13th respectively, 
suggesting relatively large sample sizes. Jack mackerel 
(Trachurus symmetr icus)  I S e b a s t e s  spp. (a composite of about 70 
species of rockfish), and the gonostomatid genus Cyclothone spp. 
completed the 10 most abundant taxa ranking 8th, 9th, and 10th 
respectively; these taxa also ranked in the top 10 in incidence 
(loth, 8th, and 9th respectively). These 10 top-ranking taxa 
contributed 85% of a11 larvae taken during 1967. The remaining 
15% was represented by 111 taxa plus the unidentified and 
disintegrated categories. Of the 10 taxa, 5 were midwater 
species or generic groupings, 2 were coastal demersal species or 
generic groupings, and 3 were coastal pelagic species. 

EXPLANATION OF TABLES 

Table 1 - This table lists by cruise the pertinent station and 
tow data for 1967, the volume of water filtered and 
standard haul factor for each tow, the percent of 
sample sorted, and the total numbers of fish eggs and 
larvae. CalCOFI cruises are designated by four digits; 
the first two indicate the year and the second two the 
month. Within each cruise the data are listed in order 
of increasing line and station number (southerly and 
seaward directions); the order of station occupancy is 
shown on the station charts (Figures 2-3). Stations 
are designated by two groups of digits; the first set 
indicates the line and decimal fraction and the second 
set indicates the station on the line. Time is listed 
as Pacific Standard Time at the start of each tow in 
24-hour designation. Methods for determining tow 
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depth, volume of water strained, standard haul factor, 
and percent sorted were described in the methods 
section. The values for total fish eggs and larvae 
represent raw counts (unadjusted for percent sorted or 
standard haul factor). Ship codes are: EB, E l l e n  B .  
Scr ipps  and HO, Horizon . 

Table 2 - This table lists pooled occurrences of all larval fish 
taxa taken during 1967 in ranked order. 

Table 3 - This table lists pooled counts of all larval fish taxa 
taken during 1967 in ranked order. Numbers are 
adjusted for percent sorted and standard haul factors. 

Table 4 - This table gives numbers of fish larvae for each taxon, 
listed by station and calendar month in which the tow 
was taken. Counts are adjusted for percent of sample 
sorted and standard haul factor. The orders are listed 
in flphylogeneticn sequence modified from Nelson (1984) . 
Subtaxa within each order are listed alphabetically. 
Page numbers for each taxon are given in the index at 
the end of the report. 

Table 5 - This table is a summary of pooled occurrences of all 
larval fish taxa taken on CalCOFI surveys from 1961 to 
1969. Taxa are listed in the same order as in Table 4. 
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Figure 1. Composite arrangement of diagrammatic charts showing 
areas sampled on each CalCOFI cruise during 1967. 
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Figure 2. Station pattern for CalCOFI Cruise 6706 showing 
tracks for each vessel. Stations with plankton tows 
are indicated by a dot: circles designate hydro- 
graphic stations and diamonds signify STD recordings. 
Figures 2 and 3 modified from charts in Univ. of 
Calif., SI0 (1969) to include only those stations 
listed in Table 1 of this report: see Table 1 for 
inshore stations not shown on charts. 
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Figure 3. Station pattern f o r  CalCOFI Cruise 6712. Symbols as 
in Figure 2. 
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Figure 4. The basic station plan for CalCOFI cruises from 1950 
to the present. 

18 



0, m 
3 

rl 

5 c a 
111 
5 
5 
0 

C 
m 

.A 
W 

N ‘  
05 

2 

-2 

ooooooooooqoooooooooooooooooooooooooooooooo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0000000000000000000000000000000000000000000 
0000000000000000000000000000000000000000000 
rlririrlrlrlrlrlrirlrlrlrlrlrlrlrirlrlrlrlrlrlr4rl4rlrlrlrirlriririrlrlririrlrirlrirl 

m i d  
. i J O  ern 
3 
OQI 
Url 

* m  
brn 
ID m u  
4 0  

!a 

N U  
0 0  

A m 
0 5  
r 
t3d a 
3 
0 ‘  
kL( 

R 

I D I D I D I D I D I D I D I D W I D I D I D I D I D I D I D I D I D I D I D I D I D I D I D I D ~ I D I D I D I D I D ~ I D I D I D I D I D I D ~ ~ I D I D I D  
0000000000000000000000000000000000000000000 

rl 
U 3  
O m  
w c  
635 
r L c  

m a  c 
3 m  
0 0  
GUY 

am 

C N  
0 0  
Crw 
X c m  
m a l  
rlL,  
a m  
7 

am 
5-n 

0. 
C 5  
00, 
A 5  

c 
0 

ooooooooooooooooooooooooo*oooo~qooqq~ooo~qooo . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  . .  0 . .  

0 0 0 0 0 0 0 N m m m m m m m m m r - r - P b b r - * r - r - b b o o o o o o o o o o o o o o o  w w w m w w a m w m m w w w w w ~ m m m w a m w w m m m m m m m m m m m m m m m m ~ m  

ooooooooooooooooooooooooo*oooo~qooqq~ooo~qooo . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  . .  0 . .  

0 0 0 0 0 0 0 N m m m m m m m m m r - r - P b b r - * r - r - b b o o o o o o o o o o o o o o o  w w w m w w a m w m m w w w w w ~ m m m w a m w w m m m m m m m m m m m m m m m m ~ m  

19 



000000000000000000000000000000000000000000000 

000000000000000000000000000000000000000000000 
000000000000000000!n00000000000000000000000000 
ridrlriddriddrlddddddrld drirlrlrlrlrlrlrlrlrldddrld~drlririrlridrlrl 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

U l m r i m N O U l N 0 0 0 w U l N V I 0 0 m d d 1 2 3 o o o N w d o 1 2 3 r i ~ 1 2 3 Q o o N U l d V I o o N o o o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

000000000000000000000000000000000000000000a00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W0Ul0Ul0~0VI00000000~0NUlOVIO~~UlOO~OVIOUlOUlO~OO~OUlO~ 
NmmddUlUl123123c-.mmOrlNmdNmmmddUlUl123123c-.WNmmddUlVI123123(zWNmmQQ 

rlrlrldrl 

w 

ri 

0000000G0000000000000000000000000000000000000 

m~mmmmmmmmmmmmmmmc-.c-.c-.c-.c-.c-.~c-.~c-.c-.c-.ooooooooooommmmm m m ~ ~ m m m ~ m m m m m m m m m m ~ m m m m m m m m m m o o o o o o o o o o o o o o o o  
dddrldriddriddddrldd 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

20  



w 
0 
P. 
\D 

Q1 m 
'4 
1 
U 
U 
n 
8 
U 
(d u 
ri 

A 

.u 

v 

rl 

0000000000000000000000000000000000000qo0000~0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
000000000000000000000000000000000000000000000 
000000000000000000000000000000000000000000000 
rlrlrlrldrlrlrldrldrlrldrlrirlrlrlrlrlrirlrirldrlrlrlrlrlddrlrlrirlririddridrlri 

000000000000000000000000000000000000000000000 

mmmmmm~P.P.P.P.P.P.P.P.P.P.oooQaoooooooommmmmmmmmmmP.P.P.~P.P.~ 
00000000000000000rirlrlrlrlrirlririrlrlrlrlrlrlrldrlrirlrlririrlrldrlri 
rldrlrlrlrlrlddrlddrldrlrlrlrlri~~~rlrldrlrldrlrl~l-i~rl~rldrlrlrirlrlrlrld 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



'9 
0 
r- 
'9 

(u w 
.?-I 
3 
L1 u 
E 
8 
rl a u 

h 

L) n 
0 u 
v 

d 

ri 

U r n  
0 0  E+w 
m w  

h 

R 

0,- 
m 

c, 

86  
8 

3 
0 '  
k U  

A 

0 9  

C 0  
00, 
1110 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N m N N N N N N N N N N N N N N N N N r l d N N N N N N m N ~ N N m N N m m  

2 2  



-9 
C'D aJaJ u v  
M U  
aJ0 
PIcn 

000000000000000000000000000000000000000000000 

000000000000000000000000000000000000000000000 
000000000000000000000000000000000000000000000 
~rldrlddddddrlrlrldd~drlrlFirldddddrlddrldrlddrlrlrldrldrldrldrl 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

c 

h 9,- 
5 z: 
n 

A 

PI5 
f iw  

PI 
k- 

000000000000000000000000000000000000000000000 f f i w w w m m m m w m w w w m a m m w w m m m m w w w a w m m w m m a m w w m m w ~ ~ w a ~  

d 
n.4  
Zf i  
Y . .  
v m  
(00, 
I45 

8 
.rl 
v 
a v cn 

000000000000000000000000000000000000000000000 

m m m d d m m W W p m m d d m m ~ W P W N m m d d m m ~ W P W N N m ~ d d m m W W W m m N  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
~ ~ ~ o m o m o m o ~ m o m o m o m o o m o m o m o m o m o o ~ ~ o m o m o m o ~ o m m ~  



0000000000000000000000000000000000000000000 

0000000000000000000000000000000000000000000 
000000000000000000000000000000000000000000~ 
r l r l d r i r l s r r l r l d r l r l s r r l r i r i s r r l r l r l r l r l r i r l r l r l r i s r r l r l r i r i r l r l r l r l r l r l r l r l r i r l 4 4 ~ r l ~ r l  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0000000000000000000000000000000000000000000 

2 4  



TABLE 2. Pooled occurrences of fish larvae 
cruises in 1967. 

Rank Taxon 

I 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
16 
18 
18 
20 
21 
21 
21 
24 
25 
26 
26 
28 
29 
29 
31 
32 
32 
34 
34 
34 
37 
38 
38 
40 
40 
42 
43 
43 
45 
45 
47 
48 

E n g r a u l i s  mordax  
T r i p h o t u r u s  m e x i c a n u s  
V i n c i g u e r r i a  l u c e t i a  
Protomyctophum crockeri 
C i t h a r i c h t h y s  spp. 
B a t h  y l a g u s  wesethi 
Disintegrated fish larva 
Sebastes spp. 
Cyclothone spp. 
T r a c h u r u s  symmetricus 
Melamphaes spp. 

D i o g e n i c h t h y s  l a t e r n a t u s  
Unidentified fish larva 
D i a p h u s  spp. 
Lampanyc tus  ritteri 
L e u r o g l o s s u s  s t i l b i u s  
D i o g e n i c h t h y s  a t l a n t i c u s  
S y m b o l o p h o r u s  californiensis 
C e r a t o s c o p e l u s  townsendi 
L e s t i d i o p s  ringens 
Gobiidae 
T e t r a g o n u r u s  cuv i  eri 
Myctophidae 
Sciaenidae 
S t e n o b r a c h i u s  l e u c o p s a r u s  
Sardinops s a g a x  
Scopelarchidae 
Bathy lagus  ochotensis 
Sternoptychidae 
Merluccius p r o d u c t u s  
P l e u r o n i c h t h  y s  verticalis 
S t o m i  as a tri venter 
Synodus spp. 
O x y j u l i s  ca l i forn ica  
Serranidae 
P e p r i l u s  s i m i l l i m u s  
Argent ina s i a l i s  
Hygophum a t r a t u m  
Hypsobfennius  spp. 
Cithar ich thys  s t i g m a e u s  
Icichthys lockingtoni 
G o n i c h t h y s  t e n u i c u l u s  
D i o g e n i c h t h y s  spp. 
Chilara t a y l o r i  
I d i a c a n t h u s  a n t r o s t o m u s  
Scomber j a p o n i c u s  
M i c r o s t o m u s  p a c i f i c u s  

Lampanyc tus  spp. 

taken during CalCOFI 

Occurrences 

150 
142 
121 
109 
108 
99 
84 
81 
80 
76 
68 
67 
63 
60 
46 
43 
43 
38 
38 
37 
36 
36 
36 
33 
32 
31 
31 
29 
28 
28 
25 
24 
24 
23 
23 
23 
22 
21 
21 
19 
19 
18 
16 
16 
15 
15 
14 
13 I 
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TABLE 2. (cont.) 

Rank Taxon Occurrences 

48 
50 
50 
52 
52  
5 4  
54  
5 4  
5 4  
5 4  
5 4  
60  
60  
60  
6 0  
6 4  
6 4  
6 4  
67  
67  
67 
67 
6 7  
67 
7 3  
7 3  
7 3  
73  
7 3  
7 3  
7 3  
7 3  
7 3  
8 2  
82  
8 2  
8 2  
82  
8 2  
8 2  
8 9  
8 9  
39 
89 
8 9  
8 9  
8 9  
96  
96  

Paralichthys californicus 
Hippoglossina stomata 
Lampanyctus regalis 
Hyctophum nitidulum 
Notoscopelus resplendens 
Ophidiiformes 
Lampadena urophaos 
Trichiuridae 
Pleuronichthys spp. 
Tarletonbeania crenularis 
Symphurus spp. 
Clinidae 
Chauliodus macouni 
Stomiiformes 
Microstoma microstoma 
Scorpaena spp. 
Scombridae 
Nansenia crassa 
Etrumeus acuminatus 
Macroramphosus gracilis 
Zaniolepis spp. 
Hygophum reinhardtii 
Sphyraena argentea 
Notolychnus valdiviae 
Nansenia candida 
Medial una calif orniensis 
Parophrys vetulus 
Syngnathus spp. 
Bathylagus spp. 
Scopelosaurus spp. 
Chiasmodontidae 
Trachipteridae 
Poromitra spp. 
Ichthyococcus spp. 
Agonidae 
Anguilliformes 
Brosmophycis marginata 
Seriola lalandi 
Cot t i dae 
Chronis punctipinnis 
Semicossyphus pulcher 
Halichoeres spp. 
SEbastclcbus spp. 
Cyclopteridae 
Sco@elogadas bispinosus 
Lyopsetta exilis 
Xystreurys liolepis 
Girella nigricans 
Blennioidei 

2 6  

1 3  
1 2  
1 2  
11 
11 
1 0  
1 0  
10 
1 0  
1 0  
1 0  

9 
9 
9 
9 
8 
8 
8 
7 
7 
7 
7 
7 
7 
6 
6 
6 
6 
6 
6 
6 
6 
6 
5 
5 
5 
5 
5 
5 
5 
4 
4 
4 
4 
4 
4 
4 
3 
3 



TABLE 2. (cont.) 

Rank Taxon 

96 
96 

1 0 0  
100 
1 0 0  
1 0 0  
1 0 0  
100 
100 
1 0 0  
1 0 0  
1 0 0  
110 
110 
110 
110 
110 
110 
110 
110 
110 
110 
110 
110 
110 
110 

Cololabis saira 
Tactos toma macropus 
Macrouridae 
Atherinidae 
P1 euronichthys ri t teri 
Notolepis risso 
Lepidopsetta bilineata 
Bathophilus spp. 
Labridae 
Aristostomias scintillans 
Ger reidae 
Carangidae 
Mugil spp. 
Centrobranchus spp. 
Coryphaena hippurus 
Loweina rara 
Brama spp. 
Howella brodiei 
Physiculus spp. 
Scorpaenidae 
Sarda chiliensis 
Porichthys spp. 
Caulolatilus princeps 
Pleuronectiformes 
Diplophos taenia 
Pl euronichthys coenosus 

Occurrences 

3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



TABLE 3. Pooled numbers of fish larvae taken during CalCOFI 
cruises in 1967. Counts are adjusted for percent of 
sample sorted and standard haul factor (see text). 

Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
43 
42 
43 
44 
45 
46 
47 

Taxon 

Engrau l i s  mordax  
C i t h a r i c h t h y s  spp. 
Vinciguerria 1 u c e t i a  
T r i p h o t u r u s  m e x i  canus 
Ba thy lagus  w e s e t h i  
S a r d i n o p s  s a g a x  
D i o g e n i c h t h y s  laternatus  
Trachurus s y m m e t r i c u s  
Sebastes spp. 
Cyclothone spp. 
Diaphus spp. 
Ceratoscopelus t o w n s e n d i  
Pro tomyc tophum crockeri 
Unidentified fish larva 
Sciaenidae 

L a m p a n y c t u s  ritteri 
L e s t i d i o p s  ringens 
Disintegrated fish larva 

S t e n o b r a c h i u s  leucopsarus 
S y m b o l o p h o r u s  californiensis 
M e r l u c c i u s  productus  
P e p r i l u s  s i m i l l i m u s  
Myctophidae 
D i o g e n i c h t h  ys a t l a n t i c u s  
Serranidae 
T e t r a g o n u r u s  cuvi eri 
P1 euronichth y s  verticalis 
Argentina s i a l i s  
Leuroqlossus s t i l b i u s  
D i o g e n i c h t h y s  spp. 
Synodus spp. 
Sconber japonicus 
Oxy j u l  i s  c a l i f  ornica 
B a t h y l a g u s  ochotensis 
Hypsoblennius  spp. 
Gobiidae 
Scopelarchidae 
Icichth y s  lockingtoni 
Etr;IEeus a@-minatus 
Scombridae 
Sternoptychidae 
Idiacanthus a n t r o s t o m u s  
S t o m i a s  atriventer 
Hygophhum a t r a t -  
C i  t h a r i c h t h g s  s t i g m a e u s  

t u s  spp. 

2 8  

Count 

35258 
10359 
10185 
7237 
2786 
2061 
1752 
1470 
1185 
1010 
896 
722 
711 
631 
547 
495 
474 
426 
410 
402 
395 
384 
342 
334 
308 
298 
289 
238 
224 
188 
186 
183 
181 
180 
157 
139 
130 
129 
128 
122 
121 
108 
103 
99 
82 
80 
70 



TABLE 3. (cont.) 

Rank 

48 
49 
50  
5 1  
5 1  
5 1  
54  
54  
56 
57 

59 
60  
60  
60  
60  
6 4  
6 5  
6 5  
67  
68 
69 
6 9  
7 1  
7 2  
7 3  
7 4  
7 5  
7 6  
7 7  
7 7  
7 9  
7 9  
7 9  
8 2  
8 3  
83  
83  
86  
87  
87  
8 7  
90 
9 1  
92  
92  
9 4  
95 
95 

58 

Taxon Count 

Trichiuridae 
Chilara taylori 
Gonichthys tenuiculus 
Scorpaena spp. 
Tarletonbeania crenularis 
Sphyraena argentea 
Lampanyctus regalis 
Hippoglossina stomata 
Para1 ichth ys cali fornicus 
Cott idae 
Nansenia candida 
Notoscopelus resplendens 
Xystreurys liolepis 
Microstomus pacificus 
Gerreidae 
Myctophum nitidulum 
Lampadena urophaos 
Symphurus spp. 
Bathylagus spp. 
Stomiiformes 
Microstoma microstoma 
Ophidiiformes 
Clinidae 
Pleuronichthys spp. 
Hygophum reinhardtii 
Chauliodus macouni 
Nansenia crassa 
Zaniolepis spp. 
Cyclopteridae 
Paroplzrys vetulus 
Anguilliformes 
Notol ychnus valdiviae 
Chromis punctipinnis 
Scopelosaurus spp. 
Medialuna californiensis 
Nacroramphosus gracilis 
Chiasmodontidae 
Seriola lalandi 
Lyopsetta exilis 
Ag on i da e 
Poromi tra spp. 
Trachipteridae 
Bathophilus spp. 
Semicossyphus pulcher 
Ichthyococcus spp. 
Scopelogadus bispinosus 
Brosmophycis marginata 
Tactos toma macropus 
Labridae 

29 

69 
63 
55 
53 
53  
53 
52 
52 
5 1  
50 
46 
43 
40 
40 
40 
40 
3 9  
37 
37  
34 
33  
32 
32 
3 1  
30 
28 
27 
26 
24 
2 2  
22 
2 1  
2 1  
2 1  
20 
1 9  
1 9  
1 9  
1 8  
1 6  
1 6  
1 6  
1 5  
1 4  
1 3  
1 3  
1 2  
1 0  
1 0  



TABLE 3 .  (cont.) 

Rank 

95 
I 95 

99 
99 
99 
99 
99 
104 
104 
106 
106 
108 
109 
109 
109 
112 
112 
112 
112 
112 
112 
112 
112 
112 
112 
122 
123 

I 
Taxon 

Atherinidae 
Sebastolobus spp. 
Cololabis saira 
Blennioidei 
Aristostomias scintillans 
Syngnathus spp. 
Carangidae 
Notolepis risso 
Halichoeres spp. 
Girella nigricans 
Pleuronichthys ritteri 
Howella brodiei 
Macrouridae 
Caulolatilus princeps 
Lepidopsetta biJineata 
Loweina rara 
Br4ma spp. 
Pleuronectiformes 
Diplophos taenia 
Scorpaenidae 
Physiculus spp. 
Sarda chiliensis 
Mugil spp. 
Centrobranchus spp. 
Pleuronichthys coenosus 
Porichthys spp. 
Coryphaena hippurus 

Total 

Count 

10 
10 
9 
9 
9 
9 
9 
8 
8 
7 
7 
6 
5 
5 
5 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
1 

85911 

3 0  
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